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Background

USGS Toxics Substances
Hydrology Emerging
Contaminants Program (1999-
2000) Reconnaissance

Spurred interest in
understanding how CECs
Impact

Federal, state, university
research has followed

No systematic study to evaluate
the Great Lakes as a whole

® Great Lakes Restoration
Initiative
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Chemicals of Emerging Concern in Water and Bottom
Sediment in Great Lakes Areas of Concern, 2010 to 2011—
Collection Methods, Analyses Methods, Quality Assurance,
and Data

Prepared in couperation with the Michigan Department of Environmental Qualiy

Antibiotic, Pharmaceutical, and Wastewater-Compound Data
for Michigan, 1998-2005
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Study Design and Sampling

" GLRI baseline conditions and geographic sources of
CECs

2010-2013, 709 environmental samples
" 45 field blanks, 52 replicate samples

Integrated (Equal Width Increment) sampling
" Some auto-sampling at points

Bi-annually to monthly depending on location
" Coverage of 59 sites
" Variable frequency

Baseflow and event flows
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CEC classes for water samples

65 total compounds Fuel

Antimicrobials Herbicide
Antioxidants Human Drugs (non-
Detergent Metabolites prescription)
Dye/Pigment Insecticide

Fire Retardant Other

Flavor/Fragrance PAH
Plasticizers

Solvents
Sterols
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How do Lake Michigan Superio i
Tributaries Compare to
the other Great Lakes
Tributaries?

Most frequent detections of:
*  9,10-Anthraquinone

Hig;hestB;(S)ir;Z?]?::i(()i?of: | oo ”I”””””I””hlhll...u

*  4-Nonylphenol diethoxylate (ED) o | Huron B
* beta-Stigmastanol r00% |
° (phytoestrogen)

Tribromomethane
. (multiple uses)

* Isophorone (solvent)
* D-Limonene
Superior Tributaries
*  Most frequent detection of DEET & 2-

methylnaphthalene § > | ] i Il l |
Huron Tributaries ; i I I “]1 1 l].;h g -I-Jll [RSNPI B

* Most frequent detection of naphthalene, o | Ontario
methyl salicylate (mint) & 4-nonylphenol
(ED)
Erie Tributaries
*  Most frequent detections of 27
compounds, highest sum concentration
of 39 compounds
Ontario Tributaries

*  No most frequently detected or highest
sum concentration compounds

ZUSGS
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CEC Distribution In
Lake Michigan
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CEC Concentration vs Flow Condition
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CEC Concentration vs Land Cover
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A different sampling approach?

" Passive Sampling = USGS

" Semipermeable membrane
device (SPMD)

® Neutral organic chemicals (high
(>3) K,,, (PCB, PDBE, dioxins,
furans)
Polar Organic Chemical
Integrative Sampler (POCIS)

® More water soluble chemicals
(low (<3) K, (pharmaceuticals,
illicit drugs, polar pesticides,
phosphate flame retardant)

Long deployment

Integrates to provide an
average concentration per
unit of time

?/ USGS Techniques and Methods 1-D4
a :
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Organochlorinated Compounds

Sum Concentration (pg/L)
10000 15000 20000 25000 30000

Organochlorinated
Compounds

Trifluralin
Hexachlorobenzene (HCB)
Pentachloroanisole (PCA)
Tefluthrin
alpha-Benzenehexachloride ( a-BHC)
Lindane
beta-Benzenehexachloride ( B-BHC)
Heptachlor
delta-Benzenehexachloride ( 8-BHC)
Dacthal

Chlorpyrifos

Oxychlordane

Heptachlor Epoxide
trans-Chlordane
trans-Nonachlor

o,p’-DDE

cis-Chlordane

Endosulfan

p,p'-DDE

Dieldrin

0,p’-DDD

Endrin

cis-Nonachlor

0,p-DDT

p,p'-DDD

Endosulfan-II

p,p'-DDT

Endosulfan Sulfate
p,p'-Methoxychlor

Mirex

cis-Permethrin
trans-Permethrin

ZUSGS

Pigeon R. @ Middle Falls nr Grand Portage, MN Superior
St. Louis River at Scanlon, MN Superior

Bad River near Odanah, Wi Superior

White River near Ashland, Wi Superior

Montreal River @ Saxon Falls near Saxon, W1 Superior
Presque Isle River near Tula, M1 Superior

Ontonagon River near Rockland, MI Superior
Sturgeon River near Arnheim, MI Superior
Tahquamenon River near Paradise, M Superior
Manistique River near Manistique, MI Michigan
Escanaba River @ Cornell, MI Michigan

Ford River near Hyde, MI igan

Menominee River near McAllister, WI Michigan
Peshtigo River @ Peshtigo, W1 Michigan

Oconto River near Oconto, W1 Michigan

Fox River @ oil tank depot @ Green Bay, WI Michigan
Manitowoc River at Manitowoc, W1Michigan
Sheboygan River @ Sheboygan, Wi Michigan

IN Harbor Canal @ Canal St @ E. Chicago, IN Michigan
Burns Ditch at Portage, IN Michigan

St. Joseph River @ Niles, MI Michigan

PawPaw River @ Riverside, MI Michigan

Kalamazoo River @ New Richmond, Ml Michigan
Grand River near Eastmanville, M1 Michigan
Muskegon River near Craton, MI Michigan

White River near Whitehall, M1 Michigan

Pere Marquette River @ Scottville, M1 Michigan
Manistee River @ Parkdale, MI Michigan

Indian River @ Indian River, Ml Huron

Cheboygan River @ Cheboygan, MI Huron

Thunder Bay River @ Alpena, MI Huron

Au Sable River near Au Sable, Ml Huron

Rifle River near Sterling, M1 Huron

Saginaw River @ Saginaw, MI Huron

Black Rvier near Jeddo, MI Erie

Clinton River @ Mt. Clemens, Ml Erie

River Rouge @ Detroit, MI Erie

Huron River @ Ann Arbor, Ml Erie

River Raisin near Monrow, Ml Erie

Maumee River @ Waterville Erie

Portage River @ Woodville, OH Erie

Sandusky River near Fremont Erie

Huron River @ Milan Erie

Vermillion River near Vermillion Erie

Black River @ Elyria Erie

Rocky River near Berea Erie

Cuyahoga Independence Erie

Grand River near Painseville Erie

Cattarauaus Creek near Gowanda NY Erie

Genesse River @ Fort St Bridge, Rochester NY Ontario
Oswego River @ Lock 7, Oswego NY Ontario

Oswego River @ Lock 7, Oswego NY Replicate Ontario
Black River @ Watertown, NY Ontario

Oswegatchie River near Heuvelton, NY Ontario

Grass River @ Chase Mills Ontario

Raguette River @ Raymondville, NY Ontario

St. Regis River @ Brasher Center, NY Ontario
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Total PCB

Sum Concentration (pg/L)
100000 200000 300000 400000 500000 600000 700000 800000

Pigeon R. @ Middle Falls nr Grand Portage, MN Superior
St. Louis River at Scanlon, MN Superior

Bad River near Odanah, Wi Superior

White River near Ashland, Wi Superior

T t I P C B Montreal River @ Saxon Falls near Saxon, W Superior
O a Presque Isle River near Tula, M1 Superior
Ontonagon River near Rockland, MI Superior
Sturgeon River near Arnheim, MI Superior
Tahquamenon River near Paradise, Ml Superior
Manistique River near Manistique, MI Michigan
Escanaba River @ Cornell, MI Michigan

Ford River near Hyde, MI Michigan

Menominee River near McAllister, W1 Michigan
Peshtigo River @ Peshtigo, W1 Michigan

Oconto River near Oconto, W1 Michigan

Fox River @ oil tank depot @ Green Bay, WI Michigan
Manitowoc River at Manitowoc, W1Michigan
Sheboygan River @ Sheboygan, Wi Michigan

IN Harbor Canal @ Canal St @ E. Chicago, IN Michigan
Burns Ditch at Portage, IN Michigan

St. Joseph River @ Niles, M1 Michigan

PawPaw River @ Riverside, MI Michigan

Kalamazoo River @ New Richmond, Ml Michigan
Grand River near Eastmanville, M1 Michigan
Muskegon River near Craton, MI Michigan

White River near Whitehall, M1 Michigan

Pere Marquette River @ Scottville, M1 Michigan
Manistee River @ Parkdale, MI Michigan

Indian River @ Indian River, MI Huron

Cheboygan River @ Cheboygan, MI Huron

Thunder Bay River @ Alpena, MI Huron

Au Sable River near Au Sable, M1 Huron

Rifle River near Sterling, M1 Huran

Saginaw River @ Saginaw, M1 Huron

Black Rvier near Jeddo, M1 Erie

Clinton River @ Mt. Clemens, Ml Erie

River Rouge @ Detroit, Ml Erie

Huron River @ Ann Arbor, MI Erie

River Raisin near Monrow, M Erie

Maumee River @ Waterville Erie

Portage River @ Woodville, OH Erie

Sandusky River near Fremont Erie

Huron River @ Milan Erie

Vermillion River near Vermillion Erie

Black River @ Elyria Erie

Rocky River near Berea Erie

Cuyahoga Independence Erie

Grand River near Painseville Erie

Cattarauaus Creek near Gowanda NY Erie

Genesse River @ Fort St Bridge, Rochester NY Ontario
Oswego River @ Lock 7, Oswego NY Ontario

Oswego River @ Lock 7, Oswego NY Replicate Ontario
Black River @ Watertown, NY Ontario

Oswegatchie River near Heuvelton, NY Ontario

Grass River @ Chase Mills Ontario

Raguette River @ Raymondbville, NY Ontario

St. Regis River @ Brasher Center, NY Ontario
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lybrominated Diphenyl Ethers

Sum Concentration (pg/L)
10000 15000

Pigeon R. @ Middle Falls nr Grand Portage, MN Superior

St. Louis River at Scanlon, MN Superior

Bad River near Odanah, Wi Superior

White River near Ashland, Wi Superior

P B D E Montreal River @ Saxon Falls near Saxon, W Superior
S Presque Isle River near Tula, M1 Superior

Ontonagon River near Rockland, MI Superior

Sturgeon River near Arnheim, MI Superior

P B D E_28 Tahquamenon River near Paradise, Ml Superior
Manistique River near Manistique, MI Michigan

Escanaba River @ Cornell, MI Michigan

P B D E'47 Ford River near Hyde, M1 Michigan

Menominee River near McAllister, W1 Michigan

Peshtigo River @ Peshtigo, W1 Michigan

P B D E = 9 9 Oconto River near Oconto, WI Michigan
Fox River @ oil tank depot @ Green Bay, WI Michigan

P B D E 1 O 0 Manitowoc River at Manitowoc, W1Michigan
= Sheboygan River @ Sheboygan, WI Michigan

IN Harbor Canal @ Canal St @ E. Chicago, IN Michigan

P B D E_ 153 Burns Ditch at Portage, IN Michigan
St. Joseph River @ Niles, M1 Michigan

PawPaw River @ Riverside, MI Michigan

Kalamazoo River @ New Richmond, Ml Michigan

Grand River near Eastmanville, M1 Michigan

Muskegon River near Craton, MI Michigan

G ran d R iVe r White River near Whitehall, M1 Michigan

Pere Marquette River @ Scottville, MI Michigan

°  Mostly PBDE 153 & 147 o
o g Cheboygan River @ Cheboygan, Ml Huron

10x time higher than any Thunder ay iver @ Alpens, Mi Horon

Au Sable River near Au Sable, M1 Huron

other monitored tributary in il River near Sterig, M Huron
Saginaw River @ Saginaw, M1 Huron

th e G reat Lakes Black Rvier near Jeddo, M1 Erie

Clinton River @ Mt. Clemens, Ml Erie

FO“OW Up Study belng River Rouge @ Detroit, M Erie

Huron River @ Ann Arbor, MI Erie

Cond uCted River Raisin near Monrow, M Erie
Maumee River @ Waterville Erie

Portage River @ Woodville, OH Erie

Sandusky River near Fremont Erie

Huron River @ Milan Erie

Vermillion River near Vermillion Erie

Black River @ Elyria Erie

Rocky River near Berea Erie

Cuyahoga Independence Erie

Grand River near Painseville Erie

Cattarauaus Creek near Gowanda NY Erie

Genesse River @ Fort St Bridge, Rochester NY Ontario
Oswego River @ Lock 7, Oswego NY Ontario

Oswego River @ Lock 7, Oswego NY Replicate Ontario
Black River @ Watertown, NY Ontario

Oswegatchie River near Heuvelton, NY Ontario

Grass River @ Chase Mills Ontario

Raguette River @ Raymondbville, NY Ontario

St. Regis River @ Brasher Center, NY Ontario
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PBDE Follow up

* Grand River at Eastmanville,
MI was the site where the
original elevated PBDE
concentrations were detected

Followed up, with more

dispersed spatial sampling to

isolate the lower Grand River

e Grand River

° at lonia, Ml
e atAda, Ml - A 1Red Cedar River
O at Grand Rapids, Ml Thornapple River
° at Eastmanville, Ml

* Thornapple river is a
hypothesized source

More sampling? /\ Sampling Locations

Potential for bioaccumulation [ Grand River watershed

*  But currently only a 1-month "1 Grand River sub-watershed
time/flow composited : Sub-watersheds of Grand River tributaries

sample

ZUSGS
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Pharmaceuticals

Cotinine
Acetaminophen
Albuterol
Cimetidine

1,7-
dimethylxanthine
Ranitidine
Codeine

Caffeine
Trimethoprim
Thiabendazole
Sulfamethoxazole
Azithromycin
Carbamazapine
Diltiazem
Dehydronifedipine
Erythromycin
\WEGE ]
Fluoxetine
Miconazole
Diphenhydramine

Fluoxetine
Norfluoxetine
Bupropion
Venlafaxine
Citalopram
Paroxetine
Fluvoxamine
Duloxetine
Norsertraline
Sertraline
Carbamazepine

Aspirin
Clofibric Acid
Diclofenac
Enaliprilat
Furosemide
Gemfibrozil

Hydrochlorothiazide
(HCTZ)

Ibuprofen
Ketoprofen
Naproxen
Simvastatin
Triclocarban
Triclosan
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Pigeon R. @ Middle Falls nr Grand Portage, MN Superior
St. Louis River at Scanlon, MN Superior
Bad River near Odanah, Wi Superior
White River near Ashland, W1 Superior
Montreal River @ Saxon Falls near Saxon, W Superior
Presque Isle River near Tula, M1 Superior
Ontonagon River near Rockland, MI Superior
Sturgeon River near Arnheim, M Superior
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Manistique River near Manistique, MI Michigan
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Fox River @ oil tank depot @ Green Bay, WI Michigan
Manitowoc River at Manitowoc, W1Michigan
Sheboygan River @ Sheboygan, Wi Michigan
IN Harbor Canal @ Canal St @ E. Chicago, IN Michigan
Burns Ditch at Portage, IN Michigan
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PawPaw River @ Riverside, MI Michigan
Kalamazoo River @ New Richmond, MI Michigan
Grand River near Eastmanville, M1 Michigan
Muskegon River near Craton, MI Michigan
White River near Whitehall, M1 Michigan
Pere Marquette River @ Scottville, MI Michigan
Manistee River @ Parkdale, MI Michigan
Indian River @ Indian River, M| Huron
Cheboygan River @ Cheboygan, M| Huron
Thunder Bay River @ Alpena, MI Huron
Au Sable River near Au Sable, M1 Huron
Rifle River near Sterling, M1 Huron
Saginaw River @ Saginaw, MI Huron
Black Rvier near Jeddo, MI Erie
Clinton River @ Mt. Clemens, Ml Erie
River Rouge @ Detroit, MI Erie
Huron River @ Ann Arbor, Mi Erie
River Raisin near Monrow, Ml Erie
Maumee River @ Waterville Erie
Portage River @ Woodville, OH Erie
Sandusky River near Fremont Erie
Huron River @ Milan Erie
Vermillion River near Vermillion Erie
Black River @ Elyria Erie
Rocky River near Berea Erie
Cuyahoga Independence Erie
Grand River near Painseville Erie
Cattarauaus Creek near Gowanda NY Erie
Genesse River @ Fort St Bridge, Rochester NY Ontario
Oswego River @ Lock 7, Oswego NY Ontario
Oswego River @ Lock 7, Oswego NY Replicate Ontario
Black River @ Watertown, NY Ontario
Oswegatchie River near Heuvelton, NY Ontario
Grass River @ Chase Mills Ontario
Raguette River @ Raymondille, NY Ontario
St. Regis River @ Brasher Center, NY Ontario
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Conclusions

Lake Michigan had the most frequent detections of BPA, and highest observed
concentrations of 4-Nonylphenol diethoxylate, tributaries ranked 2" largest array
of detected CECs

There were geographic differences in the array, frequency, and additive
concentrations of CECs around Lake Michigan

Mean concentrations of CECs were typically higher during event flow when
compared to baseflow

Industrial and household chemicals (dyes, fragrances, PAHSs, flavors, flame
retardants) were typically elevated in sites with dominant urban land cover

Use of passive sampling techniques allowed for the identification of priority
sampling locations for future studies, and detected compounds not detected
using traditional water-sampling techniques. Could provide a geographic guide
for biota sampling
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Future Directions

" Evaluate occurrence of CECs in 2011-2013
study with respect to fecally-derived bacterial

pathogens
" Using a “contaminant class of the year”

approach, evaluate different groups of CECs
at major Great Lakes tributaries

" EFFECTS!

" YES

" Metabolomics, transcriptomics, USEPA Toxicity
ForeCaster (ToxCast™)

" USEPA, USACE, USFWS, USGS

2 USGS
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